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CHAPTER 1
Functions: Characteristics and Properties

a) f(2) = (2" +3(2) - 4
=4+6-4
=6
by f(-1) = (1) +3(-1) — 4
=1-3-4

16
df(a+1)y=(a+1) +3a+1)—-4
=(a+1)a+1)+3a+3-4
=a*>+2a+1+3a—1
=g’ + Sa
2.a)xt+ 2xy + P = (x + y)(x + y)
b) Sx* — 16x + 3 = 5x* — 15x — 1x + 3
=5%{x =3+ (-1} {x - 3)
= (5x — 1)(x — 3)
e) (x +y) =64 = (x +y)* = (8)°
={x+y+8)(x+y—38)
dyax + bx —ay —by=x(a+ b)+ (—y)(a+b)
=(a+b)y(x—y)
3. a) horizontal translation 3 units to the right,
vertical translation 2 units up;

Ny

-4
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b) horizontal translation 1 unit to the right, vertical
translation 2 units up;

¢) horizontal stretch by a factor of 2, vertical stretch
by a factor of 2, reflection across the x-axis;

o -

d) horizontal compression by a factor of 3, vertical
stretch by a factor of 2, reflection across the x-axis;

Y. 4

4.2)D = {xeR|-2 =x =2},
R={yeR0=y=2}

b)D = {xeR},R = {yeR|y = ~19}
¢)D = {xeR|x # 0}, R = {yeR|y # 0}
d)D={xeR}L.R={yeR|-3=y=3}
e)D = {xeR},R = {yeR|y > 0}

1-1



5. a) This is not a function; it does not pass the
vertical line test.
b) This is a function; for each x-value, there is
exactly one corresponding y-value.
¢) This is not a function; for each x-value greater
than 0, there are two corresponding y-values.
d) This is a function; for each x-value, there is
exactly one corresponding y-value.
e) This is a function; for each x-value, there is
exactly one corresponding y-value.
6.a) y=x

y=72

y =28
b) y=x

20 = x*

V20 = x
271 =x
7. If a relation is represented by a set of ordered
pairs, a table, or an arrow diagram, one can
determine if the relation is a function by checking
that each value of the independent variable is paired
with no more than one value of the dependent
variable. If a relation is represented using a graph or
scatter plot, the vertical line test can be used to
determine if the relation is a function. A relation
may also be represented by a description/rule or by
using function notation or an equation. In these
cases, one can use reasoning to determine if there
is more than one value of the dependent variable
paired with any value of the independent variable.

1.1 Functions, pp. 11-13

1.a)D = {xeR} R = {yeR|—~4 = y = ~2}: This
is a function because it passes the vertical line test.
b)D = {xeR|~-1=x=7}

R = {yeR|-3 =y = 1}; This is a function
because it passes the vertical line test.

¢)D =1{1,2,3,4; R = {-5,4,7,9, 11}; This is
not a function because | is sent to more than one
element in the rance,

d) D = {xeR}: R = {y e R}; This is a function
because every element in the domain produces
exactly one element in the range.

e)D ={-4.-3, 1,2} R ={0.1,2,3}: This is a
function because every element of the domain is
sent to exactly one element in the range.

i-2

fyD = {xeR};R = {yeR|y = 0}; Thisis a
function because every element in the domain
produces exactly one element in the range.

2.2) D = {xeR}; R={yeR|y = ~3}; Thisisa
function because every element in the domain
produces exactly one element in the range.

b) D = {xeR|x # —3}; R = {yeR|y # 0}; This is
a function because every element in the domain
produces exactly one element in the range.

o)D ={xeR} R ={yeR|y >0} Thisis a
function because every element in the domain
produces exactly one element in the range.
dD={xeRER={yeRl0=y=2};Thisisa
function because every element in the domain
produces exactly one element in the range.

e)D = {xeR|-3=x=3}

R = {yeR|-3 =y = 3}; This is not a function
because (0, 3) and (0, —3) are both in the relation.
f)D = {xeR}; R={yeR|-2=y =2} Thisisa
function because every element in the domain
produces exactly one element in the range.

3.a)D = {1,3,5,7}:; R = {2,4,6}; This is a
function because each element of the domain has
exactly one corresponding element in the range.

by D ={0,1,2,55 R = {~1,3,6}; Thisis a
function because each element of the domain has
exactly one corresponding element in the range.

¢) D = {0,1.2,3}: R = {2, 4}; This is a function
because each element of the domain has exactly one
corresponding element in the range.

dyD = {2,6,8;R = {1,3,5,7}; This is not a
function because 2 is sent to both 5 and 7 in the
range.

e) D = {1, 10, 100}; R = {0, 1, 2, 3}; This is not a
function because 1 is sent to both 0 and 1 in the range.
f)D ={1,2,3,4; R = {1,2,3,4}; This is a
function because each element of the domain has
exactly one corresponding element in the range.

4. a) This is a function because it passes the vertical
line test; D = {xeR}; R = {yeR|y = 2}

h) Thig is not a function because it faile the vertical
linetest: D = {xeRlx = 2};R = {yeR}

¢) This is a function because every element of the
domain produces exactly one element in the range;
D= {xeRER={yeR|y=—-05}

d) This is not a function because (1, 1) and (1, - 1)
are both in the relation; D = {xeR|x = 0};

R = {yeR}

Chapter 1: Functions: Characteristics and Properties



e) This is a function because every element of the
domain produces exactly one element in the range;
D={xeRjx # 0} R = {yeRly # 0}

f) This is a function because every element of the
domain produces exactly one element in the range;
D ={xeR} R = {yeR}

S.a)y=x+3
b)y=2x—5

¢y =3(x—2)
dyy=—x+35

6. a) The length is twice the width.
b) Since { = 2w, w = %—[

1
fy=1+w=1+

f) =2

¢ o)

\olll|l
D 2468710

d) Since / = 2w, the length must be 8 m and the

width 4 m in order to use all 12 m of material.
7. a)

104 e ® ®
p—— 8—
E
= 6
i anf
0 5 e ® © e @ o
T 4 ‘
2_.
T T 7 T
0 50 100 150 200 25
Time (s)

b) D = {0, 20, 40, 60, 80, 100, 120, 140, 160, 180,
200, 220, 240}

¢) R = {0.5, 10}

d) It is a function because it passes the vertical
line test.

Advanced Functions Solutions Manual

e
YRS o4 .
3
200 o :
— R L]
= L
P 150 ¢
£ ®
£ 100 1 : e
.Z
50 § .
‘ .
O 9 4 6 8 10
Height {m)

) It is not a function because (5, 0) and (5, 40) are
both in the relation.

8.2) {(1,2),(3,4). (5,6)}

b) {(1.2), (3,2). (5,6)}

¢ {(2,1). (2.3). (5.6)}

9. If a vertical line passes through a function and

hits two points, those two points have identical
x-coordinates and different y-coordinates. This means
that one x-coordinate is sent to two different elements
in the range, violating the definition of function.

10.a)d =V (4 -032+ (3-0)
= VI T
= V25
=5
Yes, because the distance from (4.3) to (0,0) is 5.
b)d =V (1-0)+(5-0)
= VT T3
=V26
5+ V26

No, because the distance from (1, 5) to (0.0} is not 5.
¢) No, because (4, 3) and (4,—3) are both in the
relation.

l.a)g(x) =x>+3

b)g(3) —g(2)y=12 -7

i

5
g(l)
4

I

g3 -2)

So,g(3) —g(2) #g(3 —2)



1222)f(6) =1 +2+3+6 The first is not a function because it fails the
=12 vertical line test: D = {xeR| -5 = x = 5};
f(7y=1+7 R = {yeR|-5 = y = 5}. The second is a function
= 8 because it passes the vertical line test:
f8)=1+2+4+8 D={xeR|-5=x=5;R={yeR|0=y <5}
=15 15. x is a function of y if the graph passes the
b) f(IS)=1+3+5+15 horizontal line test. This occurs when any horizontal
= 24 line hits the graph at most once.
fBYxf(5) = (1 +3) X (1+5)
=4xX6

=24
F(15) = £(3) X f(5) 1.|=5] =5, 20| = 20, |-15| = 15, |[12] = 12,
¢ f12)=1+4+2+3+4+6+12 |=25] =25
= 28 From least to greatest, 5, 12, 15, 20, 25, or | -5,
FOYXf(4) = (1 +3) X (L +2+4) 112}, | =15}, |20], | —25]
=4 X7 2.3)1—22]:22
=28 b) —|—-35| = ~-35
F(12) = f(3) X f(4) Q) |=5-13[=|-18]
d) Yes, there are others that will work. =18
f(a) X f(b) = f(a X b) whenever a and b have no ~ ) [4 = 7| + [=10 + 2| = [~3] + | =8|
common factors other than 1. =3+38
13. Answers may vary. For example: =11
-8 _ 8
. O ==
variable = =2
pl22l, t6_ 2 ~i6
ppmne —11] " [-4] 11 4
=24
algebraic model = -9
{_ FUNCTION Joa)ylx| >3
graphical model b) x| =8
clx|=1
d) x| #5
dependent function vertical line 4. 8) e}
variable notation test ~-10-8-6-4-2 0 2 4 6 8 10
b) pra i & { { | I3 : 1, . i B

14. — 20-16-12-8 -4 0 4 8 12 16 20
g ¢) The absolute value of a number is always greater

than or equal to 0. There are no solutions to this

inequality.

S S s e
~U~-8-0-4~-4 U £ 4 6 8 10U

S.aylx| =3

b) |x| >2

c)lx|=2

d) x| <4

1-4 Chapter 1: Functions: Characteristics and Properties



X

a, 2 4

6 8 10 12 14 16

a) The graphs are the same.

b) Answers may vary. For example,

x — 8= —(—x + 8), so they are negatives of
each other and have the same absolute value.

7. a) e -
- g P '-X_,-'"'
b) x o
- L e
¢) T
- "’"-H-
d) P

8. When the number you are adding or subtracting

1s inside the absolute value signs, it moves the
function to the left (when adding) or to the right
(when subtracting) of the origin. When the number
you are adding or subtracting is outside the absolute
value signs, it moves the function down (when
subtracting) or up (when adding) from the origin.
The graph of the function will be the absolute value

Advanced Functions Scolutions Manual

function moved to the left 3 units and down 4 units
from the origin.

9. This is the graph of g(x) = |x| horizontally
compressed by a factor of § and translated 1 unit to
the left.

10. This is the graph of g(x) = |x| horizontally
compressed by a factor of %, reflected over the x-axis,
translated 24 units to the right, and translated

3 units up.

1.3 Properties of Graphs

of Functions, pp. 23-25

1. Answers may vary. For example, domain because
most of the parent functions have all real numbers
as a domain.

2. Answers may vary. For example, the end behaviour
because the only two that match are x* and |x|.

3. Given the horizontal asymptote, the function
must be derived from 2*. But the asymptote is at
y = 2, so it must have been translated up two.
Therefore, the function is f(x) = 2 + 2.

4. a) Both functions are odd, but their domains are
different.

b) Both functions have a domain of all real numbers,
but sin (x) has more zeros.

¢) Both functions have a domain of all real numbers,
but different end behaviour.

d) Both functions have a domain of all real numbers,
but different end behaviour.

1-5



S.a) f(x)=x*—4
f(=x) = (—x)* =
—f(—x)=—x*+4
Since f(x) = f(—x), the function is even.
b) fix) =sin{x) +x
f(—=x)=sin(—x) + (~x) = —sin x — x
= —(sin x + x) = —f(x)
~f(—x) =sinx + x
Since f(—x) = —f(x), the function is odd.

¢ flx)y= % - X

=x2—4

f=x) = === (=) = 4 ¥ = f(x)

, 1

flmx) =~ —x
Since f(—x) = —f(x), the function is odd.
d) f(x) =2 +x

f=x) =2(—x)" + (—x) = —2¢" — x

= = (2 + x) = —f(x)

—f(—x)=2x"+ x
Since f{—x) = —f(x), the function is odd.
e) flx)=2"—x

f(=x) =2(=x) = (—x) =2x> + x
~f~x) = —2x* — x
Since f(—x) # f(x) and f(—x) # —f(x), the
function is neither even nor odd.
B) flx) =[2x + 3]

fl=x) =12(~x) + 3] = | -2x + 3|
—f(—x) = —|~2¢ + 3]
Since f(—x) # f(x) and f(—x) # —f(x), the
function is neither even nor odd.
6. a) |x|, because it is a measure of distance from a
number
b) sin (x), because the heights are periodic
¢) 2%, because population tends to increase
exponentially
d) x, because there is $1 on the first day, $2 on the
second, $3 on the third, etc.

7. a) f(x) = V x, because the domain of x must be
greater than O for the function to be defined and
)y =vu=uy

b} f(x) = sin x. because the function is periodic and
is at 0 at 0°, 180°, 360°, 540°, 720°, etc.

¢) f(x) = x* It is even because

f{—x) = (=x)* = x* = f(x). The graph of the
function is a smooth curve without any sharp corners.
d) f(x) = x, because y = x in this function and,
therefore, y and x have the same behaviour.

1-6

8.a) f(x) = 2* — 3

4- 8
e !
i X
,_f ) T T |
2,1 2 4E 8
_4~w:
t
\

.

=
__kg:-.ﬁz_-:%
=
VO

L
N
o
(o]
|
Ral
(o] .ha

~1

10. a) The quadratic is a parabola opening upward
with its vertex at (2, 0). Using the vertex form,

the function would be f(x) = (x — 2)%

b) There is not only one function.

3 >
flx) = Z(x — 2} + 1 works as well.

¢) There is more than one function that satisfies the
property. f(x) = |x — 2| + 2 and f(x) = 2|x — 2|
both work.

11. x° is a smooth curve, while |x| has a sharp,
pointed corner at (0, 0).

Chapter 1: Functions: Characteristics and Properties
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13. It is important to name parent functions in order
to classify a wide range of functions according to
similar behaviour and characteristics. 1. a) This is a function because every value in the
14. - y domain goes to only one value in the range;
L D = {0,3,15,27}, R = {2,3,4}

: b) This is a function because every value in the
SRS BN TV A TS N domain goes to only one value in the range;

) D={xeR}L R ={yeR}

o ¢) This is not a function. It fails the vertical line test;
=2 D={xeR|-5=x=5},R={yeR|-5=y=75}
4 : / i e d) This is not a function because 2, in the domain,
D = {xeR}, R = {f(x) e R}: interval of ooes to both 6 and 7 in the range; D = {1, 2, 10},

. . ={-1,3,6,7}
increase = (— o0, ), no interval of decrease, no . .

. ) . 2. a) Yes. Every element in the domain gets sent to
discontinuities, x- and y-intercept at (0, 0), odd,

. exactly one element in the range.
x—®, y—w, andx — —~», y— —ox Itis very
similar to f(x) = x. It does not, however, have a
constant slope.
15. No, cos x is a horizontal translation of sin x.
16. The graph can have 0, 1, or 2 zeros.
0 zeros:

er Review, p. 28

3.a) D = {xeR}, R = {f(x) e R}; function

b)D = {xeR|-3 =x =3},

R = {yeR|—3 = y = 3}; not a function

¢) D = {xeR|x =5}, R = {yeR|y = 0}; function

N /‘y, d) D = {xeR},R = {yeR]y = —2}; function
A\ 4.1-3]=3,~[3] = =3,|5| = 5,[~4] = 4,[0] = 0
—13|<|oz<|—3|<1—41<|51
X
B
X
4 6 8
b)
X
2
X
2 zeros )‘ é é
Yy
. 2—
}‘ C) y
. N
X 6—*
-4 =2 2 .
Ly \ X
B ID R R AP
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6. a) The graph of f(x) = 2¥ is not symmetric about
the y-axis nor the origin, and, therefore, is neither
even nor odd. Looking at the graph we notice that
x— < and y — .

e
-8-6-4-20 2 4 ¢

b) (—=,0) and (0, =) are both intervals of decrease

for the function f(x) = lr

B 5%

¢) The function f(x) = V x must have a domain
greater than or equal to 0 because the square root of
a negative number is undefined.
7.2) f(x) = |2¢]

f(=x) = [2(=x0)] = |2x] = f(x)
Since f(x) = f(—x), the function is even.
b) f(x) = (—x)
f(=x) = (= (=x)? = = (—x)* = flx)
Since f(x) = f(—x), the function is even.
¢)f(x)=x+4
fl—x)=(-x)+4=—-x+4
Since f(x} # f(—x) and f(x) # — f(x), the function
is neither odd nor even.
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d) fx) =4x°+ 3% - 1
f(=x)=4(=x)y +3(—x) -1
=—4x’ -3¢ -1
Since f(x) # f(—x) and f(x) # —f(x), the function
is neither odd nor even.

8.a) Thisis f(x) = i translated right 1 and up 3;
discontinuous

1]

T
~—12<&

b) This is f(x) = sin x translated down 2; continuous
Y

X
1 T 17
W

‘;2~;y

HF-i] /s, =t
-84
P

&
N,
<
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1.4 Sketching Graphs of Func
pp3>-37 = =

1. a) translation 1 unit down

b) horizontal compression by a factor of 1,
translation 1 unit right

¢) reflection over the x-axis, translation 2 units up,
translation 3 units right

d) reflection over the x-axis, vertical stretch by a
factor of 2, horizontal compression by a factor of
e) reflection over the x-axis, translation 3 units down,
reflection over the y-axis, translation 2 units left

f) vertical compression by a factor of 1, translation
6 units up, horizontal stretch by a factor of 4,
translation 5 units right

2. a) Representing the reflection in the x-axis:

a = —1, representing the horizontal stretch by a
factor of 2: k = 3, representing the horizontal
translation: d = 0, representing the vertical
translation 3 units up: ¢ = 3. The function is

y = —sin (3¢) + 3.

b) Representing the amplitude: a = 3, representing
the horizontal stretch by a factor of 2: k = 1,
representing the horizontal translation: d = 0,
representing the vertical translation 3 units down;
¢ = —2.The function is y = 3sin (3x) — 2.

3. Consider the transformations of f(x): horizontal
compression by a factor of 3, vertical stretch by a
factor of 2, reflection across the x-axis, horizontal
translation 5 units left, and vertical translation 4 units
down. These transformations take (2, 3) to (1, 3),

(1,6), (1, =6). (—4, —6), and finally to (—4, —10).

4. a) Each v-coordinate gets multiplied by 2. (2, 6),
(4,14). (=2,10), (—4,12)

b) Each x-coordinate gets increased by 3. (5, 3),
(7,7),(1,9), (—1,6)

¢) Each y-coordinate gets increased by 2. (2,5),
(4,9, (=2,7), (—4.8)

d) Each x-coordinate gets decreased by 1, and each
y-coordinate gets decreased by 3. (1,0), (3, 4),
(=3,2).(-5.3)

e) The points are reflected across the y-axis, so

for x-coordinates that differ in sign switch the
y-coordinates. (2,5), (4,6), (—2,3), (=4,7)

f) The x-coordinates are reduced by a factor of 1,
and the y-coordinates are decreased by 1. (1, 2),
(2,6), (—1,4), (—2.5)

1-10

5. a) f(x) = x*, ranslated left 1

b) f(x) = |x|, vertical stretch by 2

¢) f(x) = sin(x), horizontal compression of %
translation up 1

Y S % ’
1

. ]/\“
: X

3330 733

1 ’l T é 1 t 1
=3 =2 =1 12 3
—
e) f(x) = 2, horizontal stretch by 2
4y
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f) f(x) = V x, horizontal compression by 5
translation right 6

FES S

1

6.2)D = {xeR}, R = {f) cR|fEe) = 0}
b)D = {xeR}, R—~{ﬁ¢:x—;ﬁeR|f¢x;“>0}

¢) D = {xeR}, R = {ADER|0 = fle)y’= 2}
d) D = {xeR|x # 0}, R = {ftxVeR| )+ 3}
e) D={xeR}L R = {f(;t’fjele@X')>0}

f) D = {xeRjx = 6}, R = {fxy=R(fx) = 0}
7. a) ]z_y

oo

=124 s{

b) The domain remains unchanged at D = {x e R}.
The range must now be less than 4:

R = {f(x) e R|f(x) < 4}. It changes from
increasing on (— =<, =) to decreasing on (—, *).
The end behaviour becomes as x — — o, y — 4, and
asx — %, y —» — %,

o) g(x) = —2(2%"V)+ 43

8.y=-3Vx—5

"y
2

_]O.‘

"

9.2) (1.8) — (1 + 2.8 X 3) =

b)(1.8)—>< (1) — L.& — )—- (—0.5,4)
c) (1.8%»(178(-2) —~ 7) = (—1,'9%“

d) (L.8)~—>(§(1) - 1.8 X —1) = (=075, -8)
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e) (1,8)—>(_%,8 X —1) = (~1,-8)

f (1,8)-><—(—)—%(1) ~3,0.5(8) + 3> =(-1,7)

16.a) g(x) =
D= {xeRlx=2},R =

V-2
{g(x)eR|g(x) = 0}

byh(x)=2Vx—1+4

D= {xeRlx=1},R =
) kix) =
D={xeRlx=0}R =

{h(x)eR|h(x) = 4}
Vo —x+1
{k(x)eRjk(x) = 1}

d) j(x) =3V 2 - 5) -

D={xeRlx=5}R=

{i(x)eRlj(x) = =3}

11.y = 5(x? — 3) is the same as y = 5x* — 15,

noty = 5x> — 3.
12.

2

13. a) a vertical stretch by a factor of 4

b) a horizontal compression by a factor of 4
¢) (2x)* = 2% = 4x*

14. Answers may vary. For example:

horizontal stretch or compression,
based on value of &

Y

vertical stretch or compression, based
on value of ¢

Y

reflection in x-axis if ¢ < 0O
reflection in v-axis if &k <0

Y

horizontal translation, based on
value ot ¢

{

vertical translation. based on
value of ¢

-1



15. The new y-coordinate was produced by
translating down 4 after a stretch by a factor of 2.
To go backwards, we must translate up 4, which
takes the 6 to 10, and then compress by a factor of
%, which takes 10 to 5. The new x-coordinate was
produced by translating left 1 unit. To go backwards,
we translate right | unit, so 3 becomes 4. The original
point is (4, 5).

16. a) horizontal compression by a factor of 1,
translation 2 units to the left

b) Because they are equivalent expressions:
3x+2)=3x+6

c)

1.5 Inverse Relations, pp. 43-45

1.a) (5, 2)

b) (=6, -95)

) (_87 4)

d) f(1) =2 - (1,2)

So, (2, 1) is on the inverse.
e)g(=3)=0—(-3,0)

So, (0,—3) is on the inverse.

£Yhn(0) =7-(0,7)

So, (7, 0) is on the inverse.

2. The domain and the range of the original
functions are switched for the inverses.
a)D = {xeR},R = {yeR}

b)D = {xeR},R = {yeR|y =2}

¢) D ={xeRlx <2},R={yeR|y= -5}
d)D = {xeR[-5<x<10},R = {yeR]y < -2}
3. Function A: y = 3x — 2

The inverse of function A is:

F= Sy — 2
X =5y
1
+2==
X >
2x +4 =y

Functions A and D match.
Function B:y = x* + 2forx = 0
The inverse of function E is:
x=y>+2

x — 2 =y?

Vx — 2=y wherex =2

1-12

Functions B and F match.
Function C: y = (x + 3)* where x = =3
The inverse of function F is:

x=(y+3)
Vx=y+3
Vx-3=y

Functions C and E match.

4.a) (4, 129)

b) (129, 4)

¢)D ={xeR},R = {yeR}

d)D = {xeR},R = {yeR}

e) Yes; it passes the vertical line test.
5. a) (4, 248)

b) (248, 4)

¢)D={xeR},R = {yeR|ly = -8}
d)D = {xeR|x = -8},R = {yeR}
¢e) No; (248, 4) and (248,—4) are both on the

‘inverse relation.

6. a) Not a function

Chapter 1: Functions: Characteristics and Properties



d) Not a function

9
7.3)F:§C+32

9
F-32=2
32=3C
2F-3)=C
9

C = 3(F — 32); this allows you to convert from
Fahrenheit to Celsius.

b)F=~z~C+32
9
F:~5—(20)+32=36+32:68

5
C=5(F~32)

C = —59—(68 ~3) = 2(36) = 20

9
20°C = 68 °F
8.a)A =nr’

_[A

\/ ~~ this can be used to determine the
w

radius of a circle when its area is known.
bYA = 72 = w(5)* = 257

A=25rcm’, r=5cm

9. y =k’ =1
x=ky' =1
v+ 1= ky'
g/)c+l_~
Ve Y
S+
—1 ) :3/-
fr) =
IRERELEY
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16
P =2
16 = 8k
k=12
10. A(x) =2x + 7
h™'(x):
x=2y+7
x—7
5 Y
1 x =7
h™i(x) = 7
a)h(3)=203)+7=13
b)h(9) =2(9) +7 =125
h(9) — h(3) 25—-13

93 5’
3-7 —4
=1 = T
A h3) = =2
9-7 2
-1 = - — =
OrNO) =5 =T =1
BEIO ShG) 1) 3t
9-3 6 6 2

11. No; several students could have the same
grade point average.
12.a) f(x) =3x + 4

x =3y +4
x—4 =73y
x—4
3 )
- 1
F0) = 5= 4)
byh(x) = —x
X = -y
—x =y
h i (x)=—x
¢) gx) =x"—1
x=y -1
x+ 1=y
Vit 1=y

g (x) = Vx+1
d) m(x) = —2(x +5)

x=—-2(v+3)
x ;
-:‘5'—_\/4'3
X
*5*5—\1
vy = X i~
m-(x) = 5 5

-3



13.a) g(x) = 4(x - 3)* + 1
x=4(y -3y +1

x — 1
= — 3y
b) 2 (y—3)
x—1
* +3=
4 y
x — 1
==+ +3
/ 4
¢)

d) The points of intersection are approximately
(2.20, 3.55), (2.40, 2.40), (3.55, 2.20), and
(3.84, 3.84).
II ‘

5§ '
<

] —
Intersection
HoTBUSH203 LY S3 430703 .

Intersection e
WoE EOLBENY LYo Cugiyty ,

s =

Intersection
¥27 40E8297 L¥=2 4059297 ,

Intersection
HI2 CYBIY5E Y2, 201B5YY .

e) x = 3 because a negative square root is undefined.
£) g(2) = S, but g7'(5) = 2 or 4; the inverse is not
a function if this is the domain of g.

1-14

4. Fory= -Vx+2,D = {xeR|x = -2} and
R={yeRly=0}.Fory=x>~2D = {xeR}
and R = {y eR|y = —2}. The student would be
correct if the domain of y = x? — 2 is restricted to
D = {xeRjx = 0}.

15. Yes; the inverse of y = Vx + 2isy = x2 — 2
so long as the domain of this second function is
restricted to D = {xeR|x = 0}.

16. John is correct.
3 3

Algebraic: y = i;— + 2y -2 = % 4(y —2) = x%
x = V4(y = 2).

4? 4
Numeric:Letx:4.y:~?‘f—+2:%—+2
=16 +2=18x = Vi(y — 2) = V4(18 = 2)
= VA4(16) = V64 = 4.
Graphical:

6y
4]

-4 b0 2 4 &

The graphs are reflections over the line y = x.
17. f(x) = k — x works for all keR.

y=k-x
Switch variables and solve for y: x = k — y
y=k—x
So the function is its awn inverge,
18. If a horizontal line hits the function in two
locations, that means there are two points with
equal y-values and different x-values. When the
function is reflected over the line y = x to find
the inverse relation, those two points become
points with equal x-values and different v-values,
thus violating the definition of a function.
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1.6 Piecewise Functions, pp. 51-53

1.a)
X
é,
b)
X
6
C) 5%
6-
4._
7
X
AN T
4
—6-]
d) 7
6
4
A\ x
‘-1 —l —.Y 0 T T E
6 2_2_ 4 6
—4-
-6
e) y
324
244
16
8
- X
O T T
—8 8
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f) . Y. 34

2. a) Discontinuous at x = 1
b) Discontinuous at x = 0
¢) Discontinuous at x = —2
d) Continuous
e) Discontinuous at x = 4
f) Discontinuous at x = landx = 0
3. a) The function changes at x = 1. Whenx = 1,
the function is a parabola represented by the
equation y = x* — 2. When x > 1, it is a line
represented by the equationy = x + 1.

3 {xz —-2.ifx =1
S x+ Lifx>1
b) The function changes at x = 1. When x < 1, the
function is an absolute value function represented
by the equation y = |x|. When x = 1, it is a radical

function represented by the equation y = Vx.

L it <1
fix) = {\/E,ifx =1
4. a) D = {x eR}; the function is discontinuous at

x=1
b) D = {xeR}; the function is continuous.

5. a) v
6_
4_ >
) X
~6-4-20 2 4 6
4]
._.6_
The function is discontinuous at x = — [.
D = {xeR}
R = {2.3}

1-15



b) =TV

4
2,
X
N _ _ O H T T
6 4 2_2_ 2 4 6
—4 ]
~63
The function is continuous.
D = {xeR}
R = {f(x) eR|f(x) = 0}
)

—12-8-40] 4 8 12
14 2
_8_

~124

The function is continuous.

D = {xeR}

R = {f(x)eR|f(x) = 1}
d) V4

The function is continuous.

D = {xeR}

R = {f(x)eR|1 = f(x) = 5}

6. There is a flat fee of $15 for the first SO0 minutes
which is represented by the top equation. Over

500 minutes results in a rate represented by the
bottom equation

fey = { 5=-6:022, if x & 500
7. 11;,—;,‘“1

- DOA'if,‘

1<F

CID

<« KON

0.35x,1f 0 = x = 100 000
flx)y=<045x — 10000, if 100 000 < x = 500 000
0.55x — 60000, if x > 500 000
8. In order for the function to be continuous the two

pieces must have the same value for x = —1.
1l—k=-2~1o0rk =4.

1-16

9. a) Ny

60 -

o] |
404 /
N R 0
20 4

104

X
o 1 H ¥ T )
0 2 4 6 8 10

b) The function is discontinuous at x = 6.

)2 — (4x+8)atx =6

26— (4(6) +8) =64 — 32 = %ftsh

d) Using the function that represents the time after
the spill, 4x + 8 = 64;4x = 56, x = 14

e) Answers may vary. For example: three possible
events are environmental changes, introduction of a
new predator, and increased fishing.

10. Answers may vary. For example:

Plot the function for the left interval.

\

Plot the function for the right interval.

\i

Determine if the plots for the left and
right intervals meet at the x-value
that serves as the common endpoint
for the intervals; if so, the function is
continuous at this point.

)

Determine continuity for the two
intervals using standard methods.
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x+31fx=-3
—x -3, ifx <=3

1L f(x) = |x + 3] ={

12. The function is discontinuous at p«=+t-zme
p = 15; continuous at 0 < p < 15and p > 15.

0,if 0=x<10
10,10 = x <20

13. f(x) = < 20,if20 = x < 30

30,if 30 = x < 40
40,if 40 = x < 50

s0 7Y

40 - : S —o

4 00—

204 Grmc

10 - @romemsmsa()

X
0

0 16 ZIO 3‘0 4‘0 SlO GTO

[t is often referred to as a step function because the
graph looks like steps.

14. To make the first two pieces continuous,
5(-1)= =1 + k,sok = —4. Butif k = —4, the
graph is discontinuous at x = 3.

15. pY.y )
. @O
4+ &0
&0
24 &0
@=C X
T 1 T T ¥ 1
-6-4-2% 2 46
&=C
&0 —4
=0
&0 —-6—/
Lg=>

16. Answers may vary. For example:
x + 3 fx < —1
4+ Lif-l=sx=2

Vr + Lifx>2

a) f(x) =

Advanced Functions Solutions Manual

b)

ERLERRS

¢) The function is not continuous. The fast two

pieces do not have the same value for x = 2.
x+3fx<—1
+HLif-1l=x=1

Vx + Lifx>1

d) f(x) =

1.7 Exploring Operations
with Functions, pp. 56-57
1. a) Add y-coordinates for the same x-coordinates
of fand g.
f 8= {(—49 6)7 (—2’ 5)7 (1’ S)a (47 10)}

b) Subtract the y-coordinate of g from the
y-coordinate of f for the same x-coordinates of fand g.
f=g={(-42).(-2,3),(1.1),(42)}

¢) Subtract the y-coordinate of f from the
y-coordinate of g for the same x-coordinates of fand g.
g~ f={(—4,-2), (-2.-3). (1= 1), (4,-2)}

d) Multiply y-coordinates for the same
x-coordinates of f and g.
fo = {(~4,8). (=2.4), (1.6). (4.24)}

2. a) TAY

5y

Y >

b) y




8-6-4-20 246 8
24 el
—4 ‘_5_
—6- -8

b) p(x) = m(x) = n(x)
xt = (=7x + 12)
=x’+7x =12

Y

300+
250
200-
1504
100+
50+
, x
. ] B 1 \3, 1 H
20 -10°:9 10 20
c)r(x) =s(x) + t(x)
= x| +2F
400477
300
200-
100-
X
1 H T T
—fr— e -60 -40 -20 O 20
—87/-4—2_4_ 2\<’6 8 60 ~40 -20
Y -1004,
-121 B
d)a(x) = b(x) X c(x)
159 =x X x*
~20+ = 3
—24]

5.2) h(x) = f(x) + g(x)
=x*+ (=x?)
=0
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6. a)-b) Answers may vary. For example, properties
of the original graphs such as intercepts and sign at
various values of the independent variable figure
prominently in the shape of the new function.

7. a) v
6_
4_
i -X
Cf/i 10 i\il
_2_ ! .
b) [ T | 900 | A0 = f0d x g0
-3 0 —4 0
-2 1 1 1
—1 2 4 8
0 3 5 15
1 4 4 16
2 5 1 5
3 6 —4 —-24
¢) v
15
/é‘/.
X
~4-3-2-1 50_ 1 243 4
_"0,.

d) i(x) = (x +3)(—x" +5)

= —x — 3x? + 5S¢ + 135; degree is 3

e) D = {x e R}: this is the same as the domain of
both fand g.

8. a)

LY
PEEAY PSR
...4_

Advanced Functions Solutions Manual

b) [ x T o0 [ 960 [AG) = #x) x g(x)
-3 11 7 77
-2 6 2 12
-1 3 —1 -3
0| 2 |2 —4
1 3 -1 -3
2 6 2 12
3 11 7 77

c) - v

104
]
6-
4
2,
X
—4 -3 -2 izo_jé 3 4

d) h(x) = (2 +2)(x* —2) = x' — 4, degree is 4
e)D = {xeR}

Chapter Review, pp. 60-61

1. a) This is a function; D = {xeR}: R = {y e R}
b) This is a function; D = {xe R}

R = {yeRly =3}

¢) This is not a function; D = {xeR|-1 = x = 1}

R={yeR}
d) This is a function; D = {xeR|x > 0}
R = {yeR}

2.a) C(t) = 30 + 0.02¢
b)D = {teR|r = 0}; R = {C(r) eR|C(r) = 30}
3.D = {xeR}L R = {f(x)eR|f(x) =-1}

7

Y 3

4. The number line has open circles at 2 and — 2.

lxj <2

5. a) Both functions have a domain of all real
numbers, but the ranges differ.

b) Both functions are odd but have different
domains.

¢) Both functions have the same domain and range,
but x* is smooth and | x| has a sharp corner at (0, 0).



d) Both functions are increasing on the entire

real line, but 2* has a horizontal asymptote while x
does not.

6.a) Y

_]2-

Increasing on (—, »); 0dd; D = {xeR};
R = {f(x)eR}
b)

Y
Decreasing on (— 9, 0); increasing on (0, »); even;
D = {xeR} R = {f(x)eR|f(x) = 2}

c) Y

Increasing on (— ¢, =); neither even nor odd;
D = {xeR};R = {f(x)eR|f(x) > -1}
7. a) Parent: y = |x|; translated left 1
61y ,
e
X
6-4-20 2 4 6
-4
-6

1-20

b) Parent: y = Vx; compressed vertically by a
factor of 0.25, reflected across the x-axis,
compressed horizontally by a factor of 3, and
translated left 7

“2-s a5 1

RURE

¢) Parent: y = sin x; reflected across the x-axis,
expanded vertically by a factor of 2, compressed
horizontally by a factor of §, translated up by 1

¥4

AN

(%767 “:060Y 3>

d) Parent: y = 2%; reflected across the y-axis,
compressed horizontally by a factor of 3, and
translated down by 3.

NY

P .
)
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9. a) (2.1)9(:2—1, -1+ 2) = (-2,1)

b) (2. 1)_><~%(2) 9,1 - 7) = (—10, —6)

Q2 1)—>(2+2,1+2)=(43)

d) (2, 1)—><§(2) + 3, 0.3(1)) = (%z 0.3)
e (2,1) = (—2+1,~-1+1)=(-1,0)

f) (2,1)—><%(2) +8 ~1X 1) = (9, -1)

10.a) (1,2)—> (2, 1)

b (-1,-9)— (—9,—-1)

e) (0,7) — (7,0)

df5)=7—-(57)

So, (7, 5) is on the inverse.

e) g(0)y= -3-(0,-3)

So, (—3,0) is on the inverse.

) h(l) = 10— (1,10)

So, (10, 1) is on the inverse.

11. The domain and the range of the original
functions are switched for the inverses.
a)D = {xeR|-2<x<2},R = {yeR}
b)D = {xeRjx < 12},R = {yeR|y =T}
12. a) The inverse relation is not a function.

i N Z

Vol |

b) The inverse relation is a function.

£ Oy

‘i-l .—‘ —-1 { T T H
n-8-4,{ 4 81
._8_
_]2_
A 4
13.a) f(v) =2¢v + |

=2+
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x—1
2 y
- :x-1
e =5
b)g()c)=x3
x =y’
Vi=y
g (x) = Vx
Wy 7
; i]z_
8-
o

&350

The function is continuous; D = {x e R},
R = {yeR}

_ 3x - Lifx=2
15700 = { —x,ifx > 2’
The function is discontinuous at x = 2.
16. In order for f(x) to be continuous at x = 1, the
two pieces must have the same value when x = 1.
When x = 1, x>+ 1 =2, and 3x = 3. The two
pieces are not equal when x = 1, so the function is
not continuous at x = 1.
17. a) For any number of minutes up to 200, the
cost is $30. For any number above 200 minutes, the
charge is $30 plus $0.03 per minute above 200.
30 + 0.03(x — 200) =30 + 0.03x — 6
=24 + 0.03x
B { 30, if x===200- O ¢ ¥ & 2D
) = 24 + 0.03x. if x > 200
b) 24 + 0.03(350) = $34.50
¢) 180 < 200, so the cost is $30.
18. a) For x-coordinates that f and g have in
common, add the corresponding y-coordinates.
f+g={(L7) (415}
b) For x-coordinates that f and g have in common,
subtract the corresponding y-coordinates.
f-g={(L-D.(4 -1}
¢) For x-coordinates that f and g have in common,
multiply the corresponding y-coordinates.
fg = {(1.12), (4. 56)}
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19. a) Y
2004
150-
1100
50+
-,4,—-;-,2,—_15(?_7,, X 34
““]OO‘
i 3 150+
™ A i 2004
b) . 20. f(x) = x* + 2x,g(x) = x + 1
8'_}[ Af(X)+g(x)~x +2x+x+1
o] —r +3x+1
X Bfx) —glx)=x*+2x— (x + 1)
4 -3 O 2 4 =x"+x-1
~4 e Cglx) = flx) =x+1 - (x?+ 2x)
4 . =—x’—x+1
=124 ‘ - Dfx) X g(x) = (x* + 2)(x + 1)
~164 =x° + 3 + 2
a)D
o) f+g=2x" - 2+ (—4x) b) C
=2 —6x,-2=x=3 ¢ A
A , d)B
16- 21. a) x -3 | -2 | -1 0 ! 2
\ 124 flx} ~9 0 1 0 3 16
A8 g{x) 9 6 5 4
. . (f+gn | 0 8 8 6 8 20
2-19N\1 24 4 b)-¢) v
d)f — g = 2% = 26 — (—4x) 01
=2 + 2, -2 =x=3 : 209 4
. &\7& )
ol | ~8 -6 ~4f£3 O 6 8
20 /<101
16- 20
12 | -301
g =
@ 4 £
\ : . d) (f+g)x)=x>+27+ (—x + 6)
-1 -40_ 1 2 =X+ 27— x+6
-8 ) Answers may vary. For example, (0, 0) belongs
to £, (0, 6) belongs to g, and (0, 6) belongs to f + g.
o) fe = (242 - 2x)(—4x) Also, (1, 3) belongs to f, (1, 5) belongs to g, and

= 83+ 82 -2 =x=3 (1, 8) belongs to f + g.
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Chapter Self-Test, p. 62

1. a) Yes. It passes the vertical line test.
b)D={xeR} R ={yeR]y =0}
2.2) f(x) = x* or f(x) = |x|

b) PY. %

R\ VLR

or v

-5

¢) The graph was translated 2 units down.

3 f(=x) = 3(=x)| + (—x)* = [3x] + £ = f(x)
4. 2* has a horizontal asymptote while x* does not.
The range of 2% is {y e R|y > 0} while the range
of x*is {y e R|y = 0}. 2" is increasing on the whole
real line and x” has an interval of decrease and an
interval of increase.

5. reflection over the x-axis, translation down

5 units, translation left 3 units

y

Advanced Functions Solutions Manual

6. horizontal stretch by a factor of 2, translation 1 unit
ap; flx) = x| + 1

7.8) (3,5) > (=341,5(3) + 2) = (-4, 17)
b) (3,5)— (5,3)
8. f(x)=-2(x + 1)
x=-2{y+1)
~2oy 1

X 2 ’
_E — 1 = y

i) =-35-1

ey

Ny
J‘.

9. a) 0.12(125 000) — = $9090-7 /5700
0.05x, it % 50 000

b) flx) = {0.12 — &899, if x > 50 000
10. a) $4

b) f(x) is discontinuous at x = 0 because the two
pieces do not have the same value when x = 0.
Whenx = 0,2 + 1 =2and Vx + 3 = 3.

¢) intervals of increase: (— =, 0), (0. <); no
intervals of decrease
d)D={xeR}L,R={veRl0<y<2ory=3}
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